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Abstract 3 
Background: Transfemoral amputation is considered a last treatment option for failed knee 4 
arthroplasty. The extent to which this procedure is performed is not well known. The purpose 5 
of this study was to identify the incidence and causes of amputation following failure of knee 6 
arthroplasty in a nationwide population.  7 
Methods: Data were extracted from the Danish Civil Registration System, the Danish 8 
National Patient Register and the Danish Knee Arthroplasty Register. Using individual data 9 
linkage, a total of 92,785 primary knee arthroplasties performed between 1997 and 2013 were 10 
identified. Of these, 258 arthroplasties were followed by amputation. Hospital records of all 11 
identified cases were reviewed. A competing risk model was used to estimate the cumulative 12 
incidence of amputation. Differences in cumulative incidences were compared with Gray’s 13 
test.  14 
Results: A total of 115 amputations were performed for causes related to failed knee 15 
arthroplasty. The 15-year cumulative incidence of amputation was 0.32% (95% CI, 0.23-16 
0.48%). The annual incidence of amputation for arthroplasties performed 1997-2002 was 17 
0.025% compared to an annual incidence of 0.018% for arthroplasties performed 2008-18 
2013 (p=0.06). Causes of amputation included periprosthetic infection in 95 cases (83%), soft 19 
tissue deficiency in 26 cases (23%), severe bone loss in 21 cases (18%), extensor mechanism 20 
disruption in 11 cases (10%), intractable pain in 11 cases (10%), periprosthetic fracture in 10 21 
cases (9%) and vascular complications in 9 cases (8%). In 80% of the cases, there were two or 22 
more indications for amputation.  23 
Conclusions: The cumulative incidence of amputation within 15 years after primary knee 24 
arthroplasty was 0.32% with a tendency towards a decreasing incidence in the last part of the 25 
study period. 26 
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Level of Evidence: Therapeutic Level IV, case series.   27 
4 
 
Introduction 28 
Knee arthroplasty is a common surgical procedure performed more than 8,000 times annually in 29 
Denmark (1). The corresponding number in the US is 600,000 (2). Despite modern surgical 30 
techniques, serious complications still occur. In most cases, revision arthroplasty is a reliable 31 
treatment option for unsuccessful outcomes of knee arthroplasty. However, in the presence of 32 
recurrent infection, soft tissue damage or severe bone loss, in which previous attempts to salvage 33 
the knee have failed, amputation remains a definitive treatment (3). 34 
Existing literature on the use of amputation for failed knee arthroplasty is limited, and most 35 
previous work has been based on single-center studies or case series with a limited number of 36 
patients (4-6). An increased awareness and understanding is necessary in order to prevent this 37 
outcome in patients treated with knee arthroplasty. We therefore conducted a nationwide study 38 
with the purpose of identifying the incidence and causes of amputation after failed knee 39 
arthroplasty.  40 
 41 
Materials and Methods 42 
Data sources 43 
This retrospective study was based on nationwide data from three Danish registers.    44 
The Danish Civil Registration System (CRS) was established in 1968 and contains 45 
information on all persons residing in Denmark. Each person is assigned a personal 46 
identification (ID) number allowing individual data linkage across different national 47 
health registers as well as searches of individual hospital records. The register receives 48 
continuous information on emigration, disappearance and death, which enables long-49 
term follow-up (7). Data in the CRS is considered virtually complete with a prevalence 50 
of disappeared persons around 0.3%. Registration to the CRS is required by law. In 51 
5 
 
addition, all administrative systems in Denmark use CRS data continuously, ensuring 52 
that errors are corrected whenever they are encountered (7;8).  53 
The Danish National Patient Register (DNPR) was established in 1977 and contains 54 
information on all persons in contact with the Danish healthcare system, including 55 
public and private hospitals. Information includes administrative data such as personal 56 
and admission data and clinical data including diagnoses and surgical procedures, the 57 
latter of which have been registered with a code according to the Nordic Medico-58 
Statistical Committee (NOMESCO) Classification of Surgical Procedures since January 59 
1, 1996 (9). Registration of surgical procedures to the DNPR is compulsory with a registration 60 
completeness that is generally around 90% and has been proven even higher for orthopedic 61 
procedures (10;11).  62 
The Danish Knee Arthroplasty Register (DKR) was established January 1, 1997. It 63 
contains information on all primary and secondary knee replacement procedures performed in 64 
public and private hospitals in Denmark. Registration to the DKR has been compulsory since 65 
June 1, 2006. The completeness of registration in the DKR is assessed using the DNPR as a 66 
reference. During its existence, the completeness for primary procedures has been above 67 
90% (12). 68 
Data collection  69 
Identification of primary knee arthroplasties 70 
The study population included all primary knee arthroplasty procedures performed in 71 
Denmark from January 1, 1997, to October 15, 2013. The population was identified through 72 
searches in both the DNPR and the DKR to ensure that procedures registered in only one of 73 
the registers were included. 74 
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The DNPR was searched for all surgical procedure codes relating to primary knee arthroplasty 75 
(KNGB0-99) (Table 1). Data included information on date and hospital of the surgical 76 
procedure. A total of 89,545 surgical procedures were identified. Similarly, the DKR was 77 
searched for data on all primary knee arthroplasty procedures including information on sex, 78 
age and underlying diagnosis. A total of 85,312 procedures were identified. Data on 79 
emigration, disappearance and death were extracted from the CRS. The datasets were merged 80 
on individual level using the personal ID number resulting in a total population of 93,260 81 
primary knee arthroplasties. It was methodologically decided that an ID number could only 82 
appear two times in the dataset, i.e. one primary procedure on each knee. Any additional 83 
procedure was considered a misclassification of a secondary procedure. As a result, 346 84 
procedures were excluded from the merged dataset. Another 129 procedures were excluded 85 
because of missing or invalid information from the CRS. Thus, the final study population 86 
consisted of 92,785 primary knee arthroplasties (Fig. 1).  87 
Identification of amputations 88 
The DNPR was searched for all surgical procedure codes relating to amputation (KNFQ09, 89 
KNFQ19 and KNFQ99) performed in the above mentioned period (Table 1). A total of 90 
12,973 procedures were identified. These were linked to the merged dataset by ID number 91 
thereby identifying 316 amputations performed after a primary knee arthroplasty. Hospital 92 
records of all identified amputations were retrieved from the national patient administration 93 
system or from hospital archives and reviewed. Forty-seven amputations were excluded 94 
because they were performed in an extremity, in which a knee arthroplasty had not been 95 
inserted. Two amputations were excluded because they were performed in an extremity, in 96 
which the primary knee arthroplasty was inserted before 1997.  In other words, these knee 97 
arthroplasties were incorrectly registered as primary procedures instead of secondary 98 
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procedures. One amputation was excluded because the primary knee arthroplasty was 99 
incorrectly registered. Eight records were missing or incomplete. The remaining 258 100 
amputations were eligible for inclusion in the study (Fig. 1). Information on hospitalization 101 
for primary procedure, any subsequent knee surgery and amputation was collected from 102 
hospital records. In addition, information on underlying diagnoses, comorbid medical 103 
conditions and lifestyle-related factors was also collected from hospital records.  104 
Statistical analysis 105 
Data were analyzed with SAS for Windows (version 9.3: SAS Institute). As a measure of 106 
the frequency of amputation, we used the cumulative incidence, an equivalent to the incidence 107 
proportion, i.e. the probability of an outcome occurring within a given period of time in a 108 
population of individuals who are considered being at risk for the outcome. The cumulative 109 
incidence was estimated using a competing risk model implemented in a SAS macro (13), in 110 
which death was defined a competing risk of amputation. Emigration or disappearance during 111 
the study period caused censoring. Censoring also occurred if none of the above mentioned 112 
events were met at the end of the study period. Differences in cumulative incidences were 113 
compared with Gray’s test (14). Categorical data were analyzed using Pearson’s chi square 114 
test. A p value <0.05 was considered significant.  115 
 116 
Study approval 117 
The study was approved by the *** Blinded by JBJS ***. 118 
 119 
Source of funding 120 
The study received external funding from *** Blinded by JBJS ***. The funding did not 121 
play a role in the conduct of the study.    122 
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 123 
Results 124 
A total of 92,785 primary knee arthroplasties performed during a 17-year period from 1997 to 125 
2013 were identified, of which 258 arthroplasties (0.27%) were followed by amputation. Of 126 
these, 143 amputations (0.15%) were performed for causes unrelated to the knee arthroplasty: 127 
peripheral vascular disease in 112 cases, malignant disease in 14 cases, traumatic lesions in 12 128 
cases, diabetic ulcers in 3 cases, neurologic disease in one case and septic shock with 129 
peripheral gangrene in another case. The remaining 115 amputations (0.12%) were performed 130 
for causes related to failure of knee arthroplasty.  131 
Cumulative incidences 132 
The 15-year cumulative incidence of amputation related to failed knee arthroplasty was 0.32% 133 
(95% CI, 0.23-0.48%) (Fig. 2). The risk of amputation was highest within the first year and 134 
ten years after primary knee arthroplasty with a relatively constant yearly risk in between 135 
(figure 2). All observations were divided into three consecutive time periods from 1997-2002, 136 
2003-2007 and 2008-2013, depending on when the primary knee arthroplasty was performed 137 
(Fig. 3). The number of amputations increased almost linearly throughout the periods 138 
indicating a nearly constant yearly incidence. In the first period from 1997-2002, the 139 
observation time was 15 years with a cumulative incidence of 0.37% (95% CI, 0.27-0.49%), 140 
corresponding to an annual incidence of 0.025%. In the last period from 2008-2013, the 141 
observation time was 5 years with a cumulative incidence of 0.09% (95% CI, 0.06-0.145), 142 
corresponding to an annual incidence of 0.018%. Differences in cumulative incidences were 143 
tested statistically with Gray’s test resulting in a p-value of 0.06%.  144 
Primary knee arthroplasty 145 
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The study population of 115 amputations included 59 males and 54 females with an average 146 
age of 65.6 years (range, 22-94) at the time of primary knee arthroplasty. Two patients were 147 
amputated on both extremities following bilaterally failed knee arthroplasty. Sex and age 148 
distribution of the patients was compared to the general population of patients undergoing 149 
primary knee arthroplasty registered in the DKR (Table 2). There were significantly more 150 
male than female patients (p=0.002), and the patients were younger compared to the general 151 
population (p<0.001). Patient characteristics are presented in Table 3. The most common 152 
underlying diagnoses were osteoarthritis (62%), posttraumatic arthritis (19%), defined by 153 
sequelae of fracture of the patella, femoral or tibial condyles, and rheumatoid arthritis (9%). 154 
Compared to the distribution of underlying diagnoses in the DKR, where posttraumatic 155 
arthritis and rheumatoid arthritis constitutes 2% and 3%, respectively, there were significantly 156 
more patients with these diagnoses in the present study (p<0.001) (Table 2). A total knee 157 
arthroplasty (TKA) was used as primary implant in the majority of patients (88%). Thirty-six 158 
patients (31%) were healthy at the time of primary knee arthroplasty. Seventy-nine patients 159 
(69%) had comorbid medical conditions, most commonly hypertension (27%), endocrine 160 
diseases (24%) and heart diseases (17%). There were 36 smokers (31%) and 18 alcohol 161 
abusers (16%) among the patients. Ten patients (9%) were on immune-suppressive treatment 162 
such as glucocorticoids or methotrexate at the time of primary knee arthroplasty. 163 
Subsequent knee surgery 164 
The patients underwent an average of 2.9 surgical procedures between primary 165 
arthroplasty and amputation (range, 0-12), including soft tissue surgery in 75 cases 166 
(65%), revision arthroplasty in 74 cases (64%) and arthrodesis in 23 cases (20%). In 167 
addition, fourteen patients (12%) underwent reconstructive surgery for soft tissue defects, 168 
including split skin grafts in eight patients and/or fascio- or musculocutaneous flaps in twelve 169 
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patients. Nineteen patients (17%) were treated initially with amputation without previous 170 
attempts at surgery.  171 
Amputation 172 
Causes of amputation are reflected in Table 4. Their time-related occurrences in relation to 173 
primary arthroplasty is illustrated in Fig. 4. The main cause of amputation was periprosthetic 174 
infection represented in 95 cases (83%), of which ten were septic at the time of amputation. 175 
The most frequently isolated microorganism was Staphylococcus aureus (26%), followed by 176 
Staphylococcus epidermidis (24%) (Table 5). Mixed flora was present in six infections (6%). 177 
In 80% of the population, there were two or more indications for amputation. Thus, twenty-178 
one patients (18%) had infection combined with soft tissue and bone loss. Vascular 179 
complications included thromboembolic occlusion associated with primary arthroplasty in 180 
three patients, traumatic vascular lesion after TKA dislocation in two patients, iatrogenic 181 
popliteal artery injury during the primary arthroplasty procedure in two patients and 182 
compartment syndrome after primary arthroplasty in another two patients.  183 
 184 
Discussion 185 
In this nationwide register-based study, we identified 258 amputations performed after a 186 
primary knee arthroplasty procedure during the period 1997-2013. The majority of 187 
amputations were performed for causes unrelated to the knee arthroplasty, most commonly 188 
peripheral vascular disease. In total, 115 amputations were performed for causes related to 189 
failure of the knee arthroplasty. 190 
The 15-year cumulative incidence of amputation after failed knee arthroplasty, estimated with 191 
the competing risk analysis, was 0.32%, compared to a crude incidence proportion of 0.12% 192 
(115 of 92,785 arthroplasties). In a recent study, Sierra et al identified forty-two amputations 193 
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in a large series of 18,443 primary TKAs performed in a single institution between 1970 and 194 
2000 (6). Twenty-five amputations (0.14%) were performed for complications related to 195 
TKA. Isiklar et al reported on nine amputations performed during a 10-year period, in which 196 
5045 TKAs were performed at their institution, resulting in an incidence of 0.18% (5). Thus, 197 
compared with previous work, a slightly smaller number of amputations performed after 198 
failed knee arthroplasty was observed in the present study. We examined whether the 199 
incidence of amputation had changed over the 17-year study period. The results showed that 200 
the annual incidence of amputation was almost constant throughout the study period, although 201 
with a tendency towards a lower incidence in the last part of the period (p=0.06).  202 
The main cause of amputation was periprosthetic infection, which confirms previous 203 
literature (6;15-19). Other important causes were soft tissue deficiency and bone defects. 204 
These complications are most likely the result of long-term infection together with several 205 
revision procedures, in which soft tissue and bone stock are gradually damaged. While 206 
infection still represents a major challenge in modern knee arthroplasty surgery, there are now 207 
better techniques to treat soft tissue and bone loss. These include skin grafts, muscle flaps or 208 
extensor mechanism allograft in reconstruction of soft tissue deficiencies and modular or 209 
segmental revision implants in management of deficient bone stock. It is important to 210 
consider these treatment options for complications that traditionally have been treated 211 
with amputation with relatively poor results (4-6). However, the psychological and 212 
physical strains related to repeated surgery performed in an attempt to salvage the knee 213 
should, in each individual case, be carefully considered as part of the indication.  214 
In the present study, there were significantly more male than female patients and the patients 215 
were generally younger at the time of primary knee arthroplasty than the general population 216 
of patients treated with knee arthroplasty, suggesting that these characteristics may be 217 
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potential risk factors for amputation. Furthermore, we found a significantly higher proportion 218 
of patients with posttraumatic and rheumatoid arthritis compared to the general population. 219 
Earlier studies have found that patients with these diagnoses are in fact at higher risk of 220 
infection, which contributed to the majority of amputations in this study (20-22). This 221 
suggests that specifically younger male patients undergoing knee arthroplasty due to 222 
secondary or, in particular, posttraumatic and rheumatoid arthritis, are at most risk of 223 
amputation. Other factors such as obesity, diabetes mellitus and hypertension have also been 224 
shown to increase the risk of infection, and one may suspect that these factors also influence 225 
the risk of amputation (20;23). Unfortunately, our study did not include any information 226 
on comorbidities or lifestyle-related risk factors such as smoking and alcohol abuse for 227 
the general arthroplasty population. Although diagnoses are available from the DNPR, 228 
they are considered less precise than surgical procedures with validity around 73% (11) 229 
and should therefore be confirmed at their primary source. Furthermore, the DNPR 230 
contains no data on lifestyle-related risk factors. Therefore, this information was 231 
retrieved directly from the patients’ records. 232 
In the period from 1997 to 2013, the DKR has received reports of three amputations, which is 233 
considerably lower than the number of amputations identified in the DNPR within the same 234 
period of the present study (n=115) (1). It appears that orthopedic surgeons do not routinely 235 
report this procedure to the DKR. Thus, it is possible that registers in general may 236 
systematically underestimate the number of amputations performed for failed knee 237 
arthroplasty. This may be due to a lack of knowledge about the reporting requirement. 238 
However, it may also be due to organizational structures in orthopedic departments, where 239 
amputations are often performed by other surgeons than those who perform the arthroplasty 240 
procedures.  241 
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To the best of our knowledge, this is the largest study today on amputation for failed knee 242 
arthroplasty. The study included 92,785 primary knee arthroplasties identified in a nationwide 243 
population, thus minimizing the risk of selection bias. Data on surgical procedures in the 244 
DNPR are of high quality with completeness above 90% (10;11). Likewise, the completeness 245 
for primary knee arthroplasty procedures in the DKR has shown to be high compared with 246 
registration in the DNPR (12). Both registers are therefore considered valuable tools in large 247 
population-based epidemiological studies. During the process of data linkage, we excluded 248 
346 arthroplasties that were misclassified as primary instead of secondary procedures. Since 249 
the operative site of surgery (i.e. left or right) is not systematically registered in the DNPR, 250 
but only in the DKR, we may have included patients with two procedures lacking a code 251 
specifying the surgical site, where one of the procedures was actually a secondary procedure, 252 
which may have caused us to underestimate the incidence of amputation. Likewise, if some 253 
amputations were never reported to the DNPR, this would also have led to an underestimation 254 
of the incidence. All identified amputations were validated through review of hospital records. 255 
Eight patients were excluded because of missing or incomplete records. However, 256 
information on these patients would not have affected the results considerably. The 257 
cumulative incidence of amputation was estimated using a competing risk model. An accurate 258 
estimation of probability of an outcome relies on observing all individuals at risk in the entire 259 
observation period. This is a particularly a problem when assessing long term risk because 260 
some individuals may be lost to follow-up (e.g. disappear or migrate), whereas others may die 261 
before the observation period ends. In traditional approaches, such as the Kaplan-Meier 262 
method, individuals who cannot be followed for any reason are censored, because they are 263 
still considered at risk. Yet, diseased individuals cannot possibly be at future risk for the 264 
outcome. Using a competing risk model, which takes into account the competing risk of 265 
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death, the bias of overestimating the incidence was eliminated (24). Overall, we believe that 266 
data are representative. 267 
In conclusion, the 15-year cumulative incidence of amputation related to failed knee 268 
arthroplasty was 0.32% in a nationwide population of 92,785 primary knee arthroplasties 269 
performed between 1997 and 2013 with a tendency towards a decreasing incidence in the last 270 
part of the period. The main cause of amputation was periprosthetic infection, which 271 
confirms previous work. Thus, this study leaves one major question unanswered, namely 272 
the risk of amputation if an infection occurs. Although rare, amputation is a serious 273 
complication and surgeons should consider alternative treatment options for 274 
complications related to amputation such as soft tissue and bone loss in order to prevent 275 
this outcome in patients with knee arthroplasty.  276 
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Figure Legends 338 
Figure 1. Flowchart illustrating selection of the study population identified in the DNPR and 339 
the DKR 340 
Figure 2. Competing risk analysis illustrating the cumulative incidence of amputation over the 341 
17-year study period 342 
Figure 3. Competing risk analysis illustrating differences in cumulative incidences of 343 
amputation over the 17-year study period 344 
Figure 4. Time-related occurrence of causes for amputation. The figures shows that vascular 345 
complications occurred within short time after primary arthroplasty, whereas complications 346 
such as periprosthetic infection, soft tissue and bone loss occurred more evenly throughout the 347 
time from primary arthroplasty, although with a predominance in the first part of the period. 348 
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KNGB99 Other primary prosthetic replacement of knee joint 
KNFQ09 Exarticulation of hip 
KNFQ19 Amputation of femur 
KNFQ99 Other amputation or related operation on hip or femur 
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TABLE II Distribution of Sex, Age, and Underlying Diagnosis in Study Population Compared with DKR 
 No. (%) of Cases  
Category Study Population DKR* P Value 
Sex   0.002 
Male 60 (52%) 30,565 (38%)  
Female 55 (48%) 48,962 (62%)  
Total 115 79,527  
Age   <0.001 
<40 years 6 (5%) 592 (1%)  
40-59 years 31 (27%) 16,622 (21%)  
60-79 years 60 (52%) 53,202 (67%)  
≥80 years 18 (16%) 9,111 (11%)  
Total 115 79,527  
Diagnosis   <0.001 
Osteoarthritis 71 (70%) 74,677 (95%)†  
Rheumatoid arthritis 10 (10%) 2,491 (3%)  
Posttraumatic 
arthritis 
21 (20%) 1,785 (2%)‡  
Total 102§ 78,953  
*Number of persons in the DKR treated with primary knee arthroplasty in the period 1997 to 2012, excluding persons identified in 
the present study. †Including 66,548 cases of primary and 8,200 cases of secondary osteoarthritis, with the 71 cases of arthritis in the 
present study subtracted. ‡Includes sequelae of 215 fractures of the patella, 358 fractures of the femoral condyles, and 1,233 fractures 
of the tibial condyles, with 21 cases of posttraumatic arthritis in the present study subtracted. §Excluding patients (n = 13) with 
diagnoses, as listed in Table III, not specified in the DKR. 
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TABLE III Patient Characteristics at the Time of Primary Knee Arthroplasty 
Category 
No. 
of 
Cases 
Underlying diagnosis  
Osteoarthritis 71 
Posttraumatic arthritis 21 
Rheumatoid arthritis 10 
Sequelae of septic arthritis 2 
Sequelae of hemophilic arthropathy 1 
Traumatic fracture 1 
Unknown 9 
Type of implant  
Total knee arthroplasty 101 
Non-hinged stemmed implant 6 
Unicompartmental arthroplasty 3 
Hinged implant 4 
Unknown implant 1 
Medical condition  
Healthy 36 
Hypertension 31 
Endocrine disease 28 
Heart disease 20 
Rheumatic disease 17 
Peripheral vascular disease 14 
Lung disease 10 
Neurologic disease 9 
Osteoporosis 3 
Kidney disease 3 
Liver disease 1 
Malignant disease 1 
Unknown medical condition 5 
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TABLE IV Causes of Amputation 
Category No. (%) 
Periprosthetic infection 95 (83%) 
Soft-tissue deficiency 26 (23%) 
Severe bone loss 21 (18%) 
Extensor mechanism disruption 11 (10%) 
Intractable pain 11 (10%) 
Periprosthetic fracture 10 (9%) 
Vascular complications 9 (8%) 
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TABLE V Microbiological Findings in Infected Knees 
Category No. 
Gram-positive cocci  
Staphylococcus aureus 24 
Staphylococcus epidermidis 22 
Enterococcus faecalis 7 
Unspecified staphylococci 3 
Unspecified enterococci 3 
Hemolytic streptococci 2 
Non-hemolytic streptococci 2 
Methicillin-resistant Staphylococcus aureus 1 
Enterococcus faecium 1 
Streptococcus pneumoniae 1 
Unspecified gram-positive cocci 1 
Peptostreptococcus 1 
Gram-positive rods  
Corynebacterium 1 
Propionibacterium 1 
Gram-negative rods  
Escherichia coli 2 
Proteus 2 
Pseudomonas 2 
Klebsiella 2 
Pasteurella 1 
Enterobacter 1 
Negative culture 7 
Culture results unknown   14 
Total 101 
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